The end-Cryogenian glaciation (Marinoan) was Earth's last global glaciation yet its duration 11 and character remain uncertain. Here we report U-Pb zircon ages for two discrete ash beds within 12 glacimarine deposits from widely separated localities of the Marinoan-equivalent Ghaub Formation 13 in Namibia: 639.29 ± 0.26/0.31/0.75 Ma and 635.21 ± 0.59/0.61/0.92 Ma. These findings, for the 14 first time, verify the key prediction of the Snowball Earth hypothesis for the Marinoan glaciation: 15 longevity, with a duration of ≥4.08 ± 0.64 Myr. They also show that glacigenic sedimentation, 16 erosion, and at least intermittent open-water conditions occurred 4 million years prior to termination 17 of the Marinoan glaciation and that the interval of non-glacial conditions between the two 18 Cryogenian glaciations was 20 Myr or less. 19
INTRODUCTION 20
The Cryogenian Period (c. 720 - 635 Ma) was marked by the two most severe glaciations in 21 Earth history (Hoffman et al., 1998; Fairchild and Kennedy, 2007) atmosphere oxygenation and biosphere evolution (Butterfield, 2009; Och and Sjields-Zhou, 2012; 27 Sperling et al., 2013) . Creation of a unified theory explaining those phenomena, however, has been 28 hampered by one key obstacle: a lack of temporal constraints. Recently, the Sturtian was shown to 29 have spanned an astonishing 56 Myr, from about 716 Ma to 660 Ma (Bowring et al., 2007; 30 Macdonald et al., 2010; Rooney et al., 2014; Rooney et al., 2015) . In contrast, the duration of the 31 Marinoan is unresolved: it terminated at c. 635 Ghaub Formation in Namibia that provide a basis for assessing the timing and nature of Earth's last 36 global glaciation. 37
GEOLOGY: SAMPLES DW-1 AND NAV-00-2B 38
The Nosib, Otavi and Mulden Groups comprise the Neoproterozoic sedimentary record of 39 the Congo craton in northern Namibia (Fig. 1 ). The Otavi Group (and correlative rocks in the 40 Swakop Group of the Outjo and Swakop Zones) is a 2-5 km thick carbonate platform-slope-basin 41 succession formed in the tropics along the margin of the Congo Craton. It is punctuated by two 42 Cryogenian glacial units (Hoffmann and Prave, 1996; Hofman and Halverson, 2008) , the older 43 Chuos and the younger Ghaub formations and their respective cap carbonates, the Rasthof and 44 Keilberg formations. U-Pb zircon ages on igneous and volcanic units provide geochronological 45 constraints (see Fig. 1 ) that bracket deposition of the glacigenic-bearing strata in the Otavi Group to 46 between c. 756 Ma and 635 Ma. 47 One of the most informative exposures of the Ghaub Formation in northern Namibia is 48 along Fransfontein Ridge (Fig. 1 ). There, the Ghaub rocks vary in thickness from 1 to 600 m and 49 can be traced continuously for c. 70 km; they consist mostly of stratified and massive carbonate- contains rare disseminated quartz spar crystals and is overlain and underlain by IRD beds (Fig. 4A) . 64
These features indicate that this bed is an air-fall tuff contemporaneous with deposition of the 65 glacimarine sediments, hence its age would also be the age of sedimentation for this part of the 66 Ghaub Formation. Below the DW-1 ash bed is 10-15m of massive diamictite and then a more than 67 100-m-thick succession of carbonate rhythmite, breccia, laminated marl and shale with dispersed 68 dropstones and isolated metre-scale and larger blocks derived from pre-Ghaub formation units. 69
These lithofacies fill a steep-sided incision cut into the pre-Ghaub stratigraphy (Figs. 2, 3); in places 70 along the Fransfontein outcrop belt as much as 300 m of strata have been cut out along this surface. 71
Sample NAV-00-2B comes from an ash bed in the basinal equivalent of the Ghaub 72 Formation c. 30 m below the contact with the Keilberg cap dolostone at Navachab in central 73 Namibia (Fig. 3) . This occurrence was reported by Hoffman et al. (2004) and readers are referred to 74 that paper for details. 75
METHODS AND RESULTS 76
All zircon dates in this study were obtained using established chemical abrasion (CA) 77 isotope dilution thermal ionisation mass spectrometry (ID-TIMS) methods at the NERC Isotope Table 1 ). All analyses yield a weighted-86 mean 207 Pb/ 206 Pb date of 639.1 ± 1.7/1.8/5.0 (n=10, MSWD=1.08). Of those, one analysis has 87 dispersion beyond that expected due to analytical scatter (see Data Repository) and is an obvious 88 outlier with a U-Pb date younger than the main population. Excepting this grain, the other nine 89 analyses yield a weighted mean 206 
